We test the information efficiency of the market for SO 2 permits in the US.
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Informational efficiency of the US SO 2 permit market
An alternative approach is to analyse the efficiency from an informational point of view. In general, informational market efficiency has to do with the speed with which new information is reflected in the price of an asset such as a permit to emit SO 2 . Markets are efficient if new information is immediately reflected in prices. Hence, as Malkiel puts it: "if tomorrow's price change will reflect only tomorrows news and will be independent of price changes today" (Malkiel (2003) , p. 59).
In this paper we analyse the efficiency of the US SO 2 permit market from an information point of view. We focus on the price history itself and do not allow explicitly for other variables affecting the value of SO 2 permits. Examining the SO 2 permit price process, allows us to assess the efficiency of this market from an informational point of view: does the price of an SO 2 permit reflect all information that is available to market participants? If the SO 2 permit market is efficient in an informational sense, this would be evidence which supports the hypothesis that market participants have a good idea of the market-clearing price and the influence of new information on this price level. Indeed, if only today's news impact the market price and yesterday's news does not have an influence, market participants must have a good sense of its impact on market-clearing prices.
If, on the other hand, the SO 2 market is found to be inefficient and yesterday's news has an impact on today's prices, this would support the hypothesis that participants have no good sense of the market-clearing price and they are either slow to react to new information or overreact.
As market efficiency is one of the key conditions for any permit scheme to work properly, an analysis of the US SO 2 permit market is a worthwhile exercise. The remainder of this paper is organized as follows: the second section discusses some theoretical issues. In the third section, we proceed 5 with an empirical analysis of the US SO 2 permit market. The final section concludes.
SO 2 permit prices as random walks
We will start our analysis from the assumption that the SO 2 permit price process can be modelled as a random walk. The idea of a random walk and the efficient market hypothesis are closely related (Malkiel (2003) If the SO 2 permit prices are random, the permit market is said to be (weakly) efficient as it is impossible to profit by trading on the information contained in the permit price history (Campbell et al. (1997) ). However, even if this is not the case, the market may still be efficient as each transaction involves trading costs. Hence, the permit market would still be efficient as long as the information contained in the price history is insufficient to allow a market participant to earn a profit after transaction costs have been accounted for. As such one has to judge whether the results are significant from a statistical as well as an economic point of view (Malkiel (2003) ). Given the data that is available to us, including the Californian energy crisis could put to much weight on this a-typical period. 
Unit root tests
A random walk is a first difference stationary process. Hence, the first issue to be looked at is whether the SO 2 permit price series contains a unit root while the first difference of this series does not. 
-where α and γ are drift and deterministic trend components-to determine if 1 θ = against the alternative that 1 θ < . The deterministic trend component is added to [3] to allow the process to be trend stationary.
The latter would be the case if 0 γ ≠ and 0 θ = . If that were the case, the permit price process could be made stationary be de-trending the data. The test-statistic which is used for this test is the t-statistic on θ . However, (Enders (1995) ).
Both the ADF and PP's null hypothesis is that a series contains a unit root. However, unit root tests often lack power. Kwaitkowski, Phillips,
Schmidt and Shin (1992) (KPSS) propose a test whose null is stationarity.
Their test is based on the residuals from
The test statistic is given by 
The second model allows for a change in both the intercept and the slope of the deterministic trend and uses
The alternative hypothesis in [6] is a one-time change in the intercept and slope of a trend-stationary process. Finally, the third model allows for a change in the slope of a trend-stationary process but assumes that both segments of the trend are joined at the time of the break. The test uses
to test if 1 θ = . Hence, the hypothesis of a unit root is tested against the alternative of a change in the slope of a trend-stationary process. Perron (1997) proposes various alternatives to select the break data t endogenously. The first minimizes the t-statistics on 1 θ = . The second alternative minimizes the t-statistic on ψ (model 1) or on ϕ (models 2 and 3). The third alternative is similar to the second one but uses the absolute values of the t-statistics. To determine the lag length k Perron (1997) proposes the general to specific procedure.
We have performed unit root tests for the SO 2 permit price series (p t ) as well as the first difference of this series (∆p t ). Based on the evidence from the ADF, PP and PP with endogenously determined time breaks, the hypothesis that the SO 2 permit price series contains a unit root can not be rejected. For the first differenced series on the other hand, the evidence clearly suggests that the hypothesis of a unit root should be rejected. The KPSS-test does not allow us to accept the null of stationarity for t p while it fails to reject the null of stationarity for
All in all, this suggests that t p is a non-stationary process. However, this is not sufficient to conclude that the series is a random walk.
Tests of the random walk hypothesis
Although the unit root tests have clearly shown that permit prices contain a unit root, this is not sufficient to adopt the random walk hypothesis (Campbell et al. (1997) 
estimator of the variance of The evidence presented in table 4 seems to reinforce the conclusions from table 3. In line with the evidence presented in table 3, the fact that ( ) 1 VR q > implies that the autocorrelations are positive. Furthermore, the variance ratio test rejects the hypothesis that the permit price series is a random walk of type 3 for levels of 6 q < at a 5% level of significance.
However, for levels of 6 q ≥ , which compare monthly returns to for instance, yearly returns, the test fails to reject the null of no significant autocorrelation among the returns at the 5% level.
Both the evidence from the autocorrelation coefficients as well as the variance ratio tests offers some support for the hypothesis that the permit price process is not a random walk of type 3. The evidence presented here is not all that different from the evidence for financial markets. Lo and MacKinlay (1999) for instance find that autocorrelations are not all zero.
The evidence against the hypothesis that the series is a random walk of type 3 is, however, not overwhelming. The autocorrelation coefficients presented in table 3 for instance are small and the variance ratio fails to reject the RW3 hypothesis for levels of 6 q ≥ . The size of the autocorrelations coefficients would suggest that one can question whether the significance in a statistical sense extends to significance in an economic sense.
Predictability
The question that emerges from the previous paragraph is whether the significant autocorrelations can be exploited from an economic point of view. If these significant autocorrelations can be exploited to earn a profit, one can not argue that SO 2 permit markets are efficient. New information which arrives and has an impact on the value of an SO 2 permit is not 15 immediately reflected in its price. Hence, from an informational efficiency point of view, this would be evidence against efficient markets. If one can not earn such a profit it follows that all information that affects the value of SO 2 permits is included in the permit price. However, given the statistical significance of autocorrelations, new information is only reflected in prices up to such a level where it is possible to profit from the price history. Hence, from an economic point of view, exploiting the significant autocorrelations fully is not rational and one can argue that permit prices reflect all information which is significant from an economic point of view.
It follows that the issue that needs to be addressed is whether the SO 2 permit price history can be used to earn a profit. Obviously, there are various ways to test this hypothesis. We have chosen to estimate a model using the permit price history and see whether it could have been used to predict permit prices with a relative high level of certainty. We have estimated an AR(2)-GARCH(1,1) model were not the case, returns would be predictable. Assume for instance that market participants tend to overreact and that news arrives which causes the market price to jump upwards. To the extent that market participants overreact today, we would expect a correction (negative return) in the future. Hence, permit prices would be predictable: a spike would be followed by a correction. If, on the other hand market participants are slow to adjust prices, permit prices would exhibit a series of positive or negative returns. Hence, again, they would be predictable.
Discussion and conclusion
The evidence presented in this paper suggests that the market for SO 2 permits in the US is not all that different from financial markets. For financial markets, the random walk hypothesis (RW3) is also often rejected.
However, as is the case for the SO 2 permits market; economic profitable predictability is mostly rejected as well. Hence, although one cannot reject the hypothesis that this market is weakly efficient from a statistical point of view, the economic significance of the predictability is very limited if not nonexistent.
The evidence presented in this paper suggests that new information is reflected in the permit price fast. The SO 2 permit market is basically as efficient as financial markets. This is clearly important as it is indicative of the fact that the value of SO 2 permits reflects all relevant information. This Based on our analysis of the history of SO 2 permit prices, we reach the same conclusion from a different perspective.
New information that increases the variance has the tendency to cluster.
If an event increases uncertainty, this uncertainty does not return back to its previous level in one period. The significant GARCH-effects suggest that it takes time before it settles down. (1) *, ** and *** refer to significance at the 10%, 5% and 1% level (1) *, ** and *** refer to significance at the 10%, 5% and 1% level 
